integration into larger public health practice has been limited, particularly as valid county-level outcome indicators of health 3 in association with geographic environmental quality measures (e.g., air and water quality and coal mining). 4 Such multilevel analyses could serve as a useful resource for assessing community health and subsequently contributing to improved decisionmaking. Appalachian populations are known to suffer disproportionately higher morbidity and mortality compared with the nation as a whole.
5---8 More importantly, research has found exacerbated Appalachian health disparities as a function of coal production 9---13 even after controlling for covariates such as smoking, education, poverty, race, health insurance, and access to physicians. In addition, persons in central Appalachia, where coal mining is heaviest, are at greater risk for major depression and severe psychological distress compared with other areas of Appalachia or the nation. 14 Because most coal mining public health research to date has relied on county-level data with limited covariates, we 15 sought to address this gap by analyzing individual-level HRQOL outcomes using Behavioral Risk Factor Surveillance System (BRFSS) data with more extensive covariates. This research has determined that residents of Appalachian coal mining counties reported poorer self-rated health and HRQOL compared with residents in counties without coal mining inside and outside Appalachia. The effects were consistent for men and women and by age group even after adjusting for smoking status, alcohol use, educational attainment, marital status, race/ethnicity, body mass index (BMI; defined as weight in kilograms divided by height in meters squared), income, metropolitan residence status, and access to physicians. 15 However, these studies did not differentiate between the practice of mountaintop mining (MTM) and other forms of mining. We expanded on previous research by exploring the specific effects of MTM on HRQOL outcomes. MTM is a form of surface mining that occurs in central Appalachia. Relative to other forms of surface mining and underground mining, MTM results in largescale impairment in surface and ground water and in local air quality and subsequently, perhaps, human health. 16---20 We performed this study in 4 central Appalachian states (Kentucky, Tennessee, Virginia, and West Virginia) where MTM permits are active to determine whether residence in 1 of 3 geographic areas (MTM county, other coal mining county, and nonmining county) was related to reduced HRQOL before and after adjustment for covariates. We hypothesized that residents of counties in MTM areas in central Appalachia would report significantly reduced HRQOL and self-rated health when compared with residents of counties outside the central Appalachian MTM zone and referent nonmining counties.
METHODS
The study design is a retrospective analysis of 2006 BRFSS data on HRQOL in relation to individual-and county-level risks. Data for the current study were limited to the 4 central Appalachian states where MTM occurs. The BRFSS is a telephone-based, random, stratified survey established in 1984 to gather information on health risk behaviors, preventive health practices, and health care access primarily related to chronic disease and injury and is weighted to reflect the population of the United States.
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The 2006 BRFSS data were collected in all 50 states, the District of Columbia, Puerto Rico, and the US Virgin Islands with a median response rate of 51%. 22 Because nonresponse is an indicator of potential bias, comparisons between respondents and nonrespondents on key demographics was necessary. In 2006, 60% of Objectives. We examined the health-related quality of life of residents in mountaintop mining counties of Appalachia using the 2006 national Behavioral Risk Factor Surveillance System. Methods. Dependent variables included self-rated health; the number of poor physical, poor mental, and activity limitation days (in the past 30 days); and the Healthy Days Index. Independent variables included metropolitan status, primary care physician supply, and Behavioral Risk Factor Surveillance System behavioral and demographic variables. We compared dependent variables across 3 categories: mountaintop mining (yes or no), other coal mining (yes or no), and a referent nonmining group. We used SUDAAN MULTILOG and multiple linear regression models with post hoc least squares means to test mountaintop mining effects after adjusting for covariates.
Results. Residents of mountaintop mining counties reported significantly more days of poor physical, mental, and activity limitation and poorer self-rated health (P < .01) compared with the other county groupings. Results were generally consistent in separate analyses by gender and age.
Conclusions. ). We coded alcohol consumption as any consumption (yes or no) in the previous 30 days. We coded age in number of years. We coded race/ethnicity as a series of dichotomous variables specifying African American, Native American, non-White Hispanic, Asian American, or White non-Hispanic. We coded marital status as a dummy variable specifying married or cohabitating versus any other status.
We coded income as an 8-level variable for annual household income: less than $10 000, $10 000 to less than $15 000, $15 000 to less than $20 000, $20 000 to less than $25 000, $25 000 to less than $35 000, $35 000 to less than $50 000, $50 000 to less than $75 000, and $75 000 or more. We coded education into 2 dummy variables specifying high school or college graduation, with less than high school used as the referent. We coded metropolitan status as a 5-level variable: (1) in the center city of a metropolitan statistical area (MSA), (2) outside the center city of an MSA but inside the county containing the center city, (3) inside a suburban county of the MSA, (4) in an MSA that has no center city, and (5) not in an MSA. The final variable we included from the BRFSS was the county-level 2005 number of office-based general practice physicians per 100000 persons.
The Energy Information Administration was the source for identifying coal mining counties, which includes data for tons of coal at the county-level mined using both underground and surface techniques. For the current study, we identified a coal mining county as one with any amount of coal mining having occurred from 1994 to 2006. In practice, most counties with mining in 1 year have mining most or all years. We classified each coal mining county according to whether it was in the MTM surface mining area (yes or no). We based the MTM classification on a map of MTM areas in central Appalachia 28 overlaid with coal production data from the Energy Information Administration to confirm surface mining activity. 
Data Analysis
We made descriptive summaries of the variables followed by inferential analyses to examine HRQOL in coal mining areas. Because of the complex sampling design of the BRFSS, we analyzed models using SUDAAN version 10.0.1 (RTI International, Research Triangle Park, NC) Proc MULTILOG for the ordinal For the MULTILOG models, we dichotomized self-rated health into fair or poor health and compared this with the referent excellent or very good or good health rating. Odds ratios (ORs) were found for the MULTILOG models, and regression coefficients for the regress models. We estimated all models both before and after controlling for covariates. We used the nonmining counties as the referent in comparison with the 2 mining (MTM and non-MTM) groups. We examined post hoc least squares means in the regress models.
For the continuous variables, we calculated effect size from the post hoc comparisons to determine the overall magnitude of the comparisons using the f effect size index for multiple means. Effect size values provide an indication of the magnitude of observed differences and in a practical sense show the size of differences between means. Effect sizes of 0. 10, 0.25, and 0.40 indicate small, medium, and large effects, respectively, using the f calculation for multiple means. 29 We used counties without mining in each of the 4 states as the referent group for the categorical county grouping variable.
RESULTS
The final BRFSS sample size for the 4 states was 10 234. Table 1 provides a summary of the demographic categorical and continuous covariate study variables overall and by the 3 county groups.
MULTILOG Regression Results
Both unadjusted and adjusted comparisons for the self-rated health variable suggest all coal mining counties have significantly reduced self-rated health. Before we added covariates to the model, residents in other mining counties had 1.30 greater odds of reporting fair or poor self-rated health (95% confidence interval [CI] =1.15, 1.48; P £ .001) compared with referent non---coal mining counties while residents of MTM counties had 2.20 greater odds (95% CI =1.95, 2.49; P £ .001). When we added the covariates to the model, the effects persisted only in the MTM counties (OR =1.31; 95% CI =1.13, 1.52; P £ .001) compared with residents in other mining counties (OR = 0.89; 95% CI = 0.76, 1.03). Tables 2 and 3 provide unadjusted and adjusted mean comparisons for the HRQOL dependent variables. Similar to the MULTILOG models, both surface and other coal mining counties have significantly reduced health ratings on all the variables before we added covariates to the model, but MTM counties reported greater HRQOL impairment ( When we added the covariates to the model, the effects of coal mining on HRQOL persisted in the MTM counties (Table 2 ). In addition, HRQOL impairment in other coal mining counties begin to appear more similar in HRQOL to the referent nonmining counties, which is consistent with a body of literature documenting health disparities among the Appalachian Coded as an 8-level variable for annual household income: less than $10 000, $10 000 to less than $15 000, $15 000 to less than $20 000, $20 000 to less than $25 000, $25 000 to less than $35 000, $35 000 to less than $50 000, $50 000 to less than $75 000, and $75 000 or more. d Coded as a 5-level variable: (1) in the center city of a metropolitan statistical area (MSA), (2) outside the center city of an MSA but inside the county containing the center city, (3) inside a suburban county of the MSA, (4) in an MSA that has no center city; and (5) When we repeated the models with covariates separately for men and women, we found similar findings for each gender, particularly for men and women in MTM counties for the Healthy Days Index (Table 3) . In addition, when we repeated the models once again by age group (younger than 50 years or 50 years or older), the effects remained and increased with age in the MTM counties for the Healthy Days Index (Table 3) . Although not shown in the table, significant similar trends were noted for greater odds of reporting fair or poor selfrated health for both genders and the 50 years old or older group in each of the mining county groups; however, the greatest odds were among residents in the MTM counties (OR = 2.04---2.50; P £ .001).
Multiple Linear Regression Results

DISCUSSION
We further expand the literature base on the effects of coal mining on self-rated health and HRQOL 15 by isolating mountaintop mining (MTM) activities and comparing them with other coal mining and nonmining areas in 4 central Appalachian states. In this individual-level health behavioral analysis using BRFSS data, self-rated health and HRQOL were significantly reduced among residents of MTM counties in the unadjusted and adjusted models. When analyzed by gender and age group, although the effects were slightly stronger for men, effects were present for women as well, and trends were similar for the MTM counties. These findings suggest the unique contributions MTM activity makes to negative health ratings among residents in counties with MTM activity compared with residents in the other county groupings and further add to a developing environmental health disparities literature base pertaining Note. Nonmining counties served as the referent group. A Healthy Days Index was calculated by adding the number of poor physical and mental health days (unhealthy days) a respondent experienced during the past 30 days and subtracting that number from 30, with a logical maximum of 30 days. *P < .05; **P < .01; ***P £.001. specifically to coal extraction and processing in Appalachia. 10---13, 15 Interestingly, in some cases, women residents in the other mining county grouping reported statistically improved HRQOL in the adjusted models. This effect was only seen in women younger than 50 years and was limited primarily by the activity limitation days measure, which used a more severe health standard than did the other questions (e.g., work loss days, bed disability days) and has been found to be a useful indicator of disability 30, 31 even at the county level. 32 This finding is difficult to explain, but it may be that these environments, after controlling for critical variables such as income and education, characterize the finer qualities of primarily rural settings relative to the referent group. In addition, our analysis did not control for other potentially confounding variables, such as the higher rates at which women enroll in continuing education and community colleges. 33 Still further, this finding may be spurious, given that women consistently report significantly reduced HRQOL, including activity limitation, compared with men in other population-based studies. 34, 35 Self-rated health spans past and present physical, behavioral, emotional, and cognitive aspects of health and includes cognitive aspects in the future (i.e., people may forecast a health trajectory into the future on the basis of past and present information). 36 In addition, a robust body of literature has linked self-rated health to mortality. 37---45 Because of this link, the Centers for Disease Control and Prevention and the World Health Organization 23,46 recommend self-rated health as a measure of population health. Therefore, the increased ORs of reporting fair or poor self-rated health among MTM county residents in the adjusted models suggest a significant elevated mortality risk in these populations. Noting inconsistencies among self-rated health among 4 large nationally representative surveys, particularly among the category of fair or poor self-rated health, 47 some have questioned the use of this indicator to track population health. However, the consistent findings among the HRQOL items in this study that mirror the results found with the self-rated items suggest that the effects among residents in the MTM counties are not spurious or data artifacts. 
Limitations
Our study has several limitations. First, county of residence does not necessarily indicate exposure in this ecological design study. Coal mining activity may be distributed more heavily in some parts of a county than in others, and mining effects may cross county lines to affect nonmining counties. Similarly, forms of surface mining occur in the non-MTM counties, and other industry activities--such as coal preparation and transportation--that also pose environmental risks take place in both MTM and other mining areas. This fact may partially explain some of the observed small effect sizes. If only residents of communities where coal mining activity directly occurred were surveyed, the effect sizes and reduced HRQOL could be larger than are those reported in this study.
Second, only 52 counties that were located within Appalachia and where coal mining was present were available for analysis. Third, multiple statistical tests raise the possibility of a type I error, although most Appalachian mining effects were significant at P < .01 or better. Fourth, additional unmeasured confounds such as psychological stress and economic uncertainties among residents and workers in mining areas may influence HRQOL in both MTM and non-MTM environments. Fifth, the study does not include direct environmental measures of air and water quality; information, such as that from the Environmental Protection Agency's (EPA) national ambient air quality standards, exists for only a limited set of primarily urban counties. Likewise, water quality data are available nationwide only for public water systems and not for private wells and for public systems only when an established EPA standard has been exceeded. Future research will need to obtain specific environmental and health measures of these communities to fully assess the impact of coal mining on human health.
Conclusions
Results indicate that previously documented HRQOL disparities in Appalachia's coal mining areas are concentrated in MTM zones in the central part of the region. These disparities partly reflect the chronic socioeconomic weaknesses inherent in coal-dependent economies and highlight the need for efforts at economic diversification in these areas. However, significant disparities persist after control for these risks and suggest that the environmental impacts of MTM may also play a role in the health problems of the area's population. In April 2010, the EPA issued new guidance regulating MTM that recognized the environmental and community health costs imposed by this practice 48 ; the guidance was intended to make new MTM permits much more difficult to obtain. Several weeks after this ruling, the first MTM permit application to come before the EPA was nevertheless approved, leading to concerns from environmental communities that the rules would not be interpreted or enforced as intended. 49 Our results contribute to the evidence base in support of the April EPA decision. j
